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INTRODUCTION
Helicopter impulsive noise is known to originate from two distinct aerodynamic events: the compressible flow field due to high tip Mach number on the rotor's advancing side, called high-speed impulsive noise, and unsteady pressure fluctuations on the rotor blade due to interactions with vortices generated by preceding blades, called blade-vortex interaction (BVI) noise. These types of noise are loud and impulsive in nature, which is significant both for military detection and community annoyance.
High speed impulsive noise has been extensively investigated for many years and noise generating mechanisms have been reasonably well understood. The noise is generated by compressibility effect on rotor blades in transonic range and the noise reduction concepts are directly related to reducing or eliminating the compressibility effect of airfoils. 
BVI NOISE CHARACTERISTICS
When a rotor operates in descent or maneuvering flight, a rotor blade passes close to trailing tip vortices as shown in Fig. 1 , which was taken in the NASA Ames 7-by 10-foot wind tunnel with a model rotor using a smoke visualization. These interactions are plotted in a top view for a typical descent flight condition as shown in Fig. 2 From these harmonics, the lowest one not only is associated with the strongest amplitude ( Fig. 12 ), but also represents the most annoying part. It is caused by blade loads in the frequencies of (b -1)P, bP, and (b + 1)P harmonics, which can very well be affected by a blade pitch angle exactly at these frequencies.
If These inputs were transformed into blade feathering angles with the frequencies 3P, 4P and 5P in the rotating system. In the second phase, the open-loop or manual controlled flight tests were performed, in the final phase, the closed-loop or computer controlled system was tested in 1983 and 1984. With the HHC system engaged, the 4P pilot seat vibration levels were significantly lower than the baseline helicopter ( Fig. 15 ), and furthermore the system did not adversely affect blade loads or helicopter performance.
Aerospatiale
Helicopter Division (now ECF)launched a research flight program in 1980 to test an active vibration control system based on HHC/3_'_ The system was installed on the experimental helicopter SA 349, derived from the SA 342 Gazelle. In Fig. 16 the main elements of the higher harmonic control system on the SA 349 helicopter are shown: these include the swashplate control system (3P in the nonrotating system) generating control angles at the frequencies 2P, 3P and 4P in the rotating system with a maximum HHC amplitude of 1. The HHC self-adaptive system is shown schematically in Fig The data also showed that performance improvements of up to 7% could be obtained using 2P inputs at high-speed forward flight conditions. Figure  23 shows simultaneous noise and vibration reduction using different control amplitudes at 2P frequency and at a phase angle of 60:--'.BVI noise reductions of up to 10 dB locally were obtained in front of the rotor on the advancing side, with the average reduction being in the range ofabout 4 8 dB. The best reduction achieved in 4P hub loads was on the order of 90% with simultaneous noise reductions as noted above.
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. I  I  I  I"   /1  III  I  I  I  I  I  ]  1 II velocities between the azimuth at which the interacting vortex is created and the azimuth of interaction with a following blade; and (2) downward deflection of the blade tip by the time the vortex is created, upward deflection at the occurrence of interaction. To assess possible contributions from these mechanisms, two kinds of experimental results from the HART tests are examined: the blade airloads derived from integration of the measured blade pressures and the blade flapping deflection. Figure 47 compares the azimuthal distribution of blade airloads at different spanwise sections for the baseline and the minimum noise cases. As shown in the figure, when HHC is set for minimum noise, high airloads are achieved in a large azimuthal area between the generation of the noisiest vortices (about _b= 130 for advancing side interactions) and the interaction azimuth (about _ = 503.
Consequently, high induced velocities are created, which push down the interacting vortex. As an example during the HART tests, with monocyclic control the airloads CNM 2 at 0.87 R varied between 0.10 and 0.11 in the _ = 90 130'; with optimum HHC, CNM 2 varied between 0.10 and 0.18. Similar trends were also found at 0.75 and 0.97 R. Figure 48 shows, for the same HART test cases, the blade flapping deflection (resulting from both kinematics and aeroelastic deformations). Figure 48(a, b) , respectively, refer to the spanwise distribution of the flapping deflection in the vicinity of the interaction azimuth and the blade tip deflection as a function of azimuth. As shown in the figures, compared to the baseline case, HHC at minimum noise provides:
(1) a downward blade tip deflection (between 10 and 20 mm) by the time the interacting vortex is generated which causes a lower location of the vortex with respect to the blade; and (2) an upward deflection ( + 10 mm) by the time the interaction occurs. Both effects tend to increase the blade-vortex miss distance at the interaction azimuth by 20-30 mm. The blade deflection effect is, however, far too small to account for the 120 mm increase in blade vortex miss distance shown by the LLS
measurements.
This miss distance increase is in fact, to the first-order, a consequence of the azimuthal distribution of the blade airloads achieved through adjustment of the HHC phase.
The consequences of the previous airload history and blade-vortex miss distance are: (1) a large reduction of the noise pressure peaks associated with the BVI event as illustrated in Fig. 49; and (2) a large reduction of the BV1 noise levels as shown in Fig. 50 , which presents the BV! noise radiation pattern below the rotor. Figure  50 shows that the maximum Recently, nonharmonic deflections of the trailing edge flap ( Fig. 51t were tested in the NASA Langley 14 × 22 foot wind tunnel to control blade tip loading distribution, which, in turn, both alters the rotor wake structure and weakens the tip vortex strength. _25''_ A flap was mechanically deflected upward by 125 up to 20 in limited rotor azimuth ranges. Figure 52(a) shows an acoustic time history for a baseline (non-active flap) case, which exhibits a typical BVI pressure pulse. Figure 52( 
